PLASMA WAVE PROPAGATION IN HOT INHOMOGENEOUS MEDIA
We consider here in the WKB approximation the propagation of electrostatic plasma waves in a system described by the one-dimensional linear Vlasov equation in the presence of a slowly varying static potential, $(x). Previous work has also treated this problem in a similar manner but their results lack the generality of the expressions derived here, and we demonstrate the formal basis of the expansion for the Vlasov case.
The fundamental equations for the system are, df i 9f 9f 9f dt o t 9x 9v
(1)
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|£(x,t) + 4TT j (x,t) = 0,
where f is the perturbed distribution function; F(E) is the equilibrium distribution function; x, v, t are the space, velocity and time coordinatesj E = -+ $ fx) is the normalized particle energy; -0 (x),the static potential, is taken as zero at x = -oo and increases monotonically with x; £(x, t) is the perturbed electric field, and e -1-and m are the particles' charge and mass. The current, j , is given by,
where f and f are f (x, v, t) for v> 0 and v < 0 respectively. The normalization of F is chosen such that at x = -oo the particle density is n 0 and f F £r) dv = 1.
We imagine that the perturbation is the steady state response to a local generator at frequency co , and we examine the solution far from the source?
We can integrate equation (I) by the method of characteristics.
The perturbed distribution function f (x, v) e "^ , is then found to be,
where v(x) = + /2 (E -0 (x)f , £{x,t) = £(x) e" iwt and x 0 , is the turning point of the trajectory of a particle with energy E, and is determined by the relation 0 (x 0 ) = E.
* The formal procedure is to consider our equations as Laplace transforms in time. The solutions are then the response to a given w component, where w approaches the real axis from above.
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We now desire to use the fact that $(x) is slowly varying. Hence, we postulate that the solution for £(x) is of the form
where we assume ^-^~ p^^]^ jj= 6 « 1. We seek an asymptotic solution in 5 of equation (4).
Integrating by parts the first x integral on the right-hand side of equation (4), we obtain,
The last integral in this expression is of O(6 L ) and may therefore be neglected with respect to the other terms which are of O(l) and O(6) respectively. The integration by parts can be repeated to generate an asymptotic power series in 6 where the remainder integral is 0(0 after the first n terms.
The second and third integrals on the right-hand side of Eq. (4) can similarly be integrated by parts to generate an asymptotic power series in 6 . It can be shown that the contributions at x 0 of the second and third integrals in Eq. (4) Correct to O(fi), we have,
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We can now choose k(x) so that the first two terms (the lowest order terms) vanish. This constrains k(x) to obey the relation,
One observes that e (u, k, x) is the dielectric function of a homogeneous medium with density n(x) , the local density of our system. We now use the relations,
where we have used the fact that the integrand vanishes when E Equation (5) then takes the form. where k{x) satisfies the relation e(u,k(x), x) = 0* It is well known that for a nearly dissipationless system, the (2) energy flux T is given by T"g^ 2I^f^
*<*>•
Thus we see that if e (w, k) is nearly real, the energy flux is,
and We see that in the limit Im k{x) -• 0, the wave energy which consists of both electric field energy and coherent kinetic energy, is conserved by our solution.
Alternatively, we could have chosen to keep £ 0 constant in space, and generate an asymptotic series for k . In this case, the equations for the k corrections are algebraic rather than differential and the spatial variation of the electric field is then given through k .
-6-
It is interesting to recover directly from Eq. (4) the effect of resonant particles in slightly inhomogeneous media, i. e. Landau damping. For this purpose, we assume w and k to be real and compute the contribution of the resonant particles to the current j (x) . From Eq. (4) j (x) may be rewritten as where, as in the text.
E ft (
Now, the dominant contribution to the integrand comes from the region where |3 (x 1 -x s ) 2 4 1 . Hence the region in the integration that contributes to the integral is (x 1 -x s ) j-~ --. In this region, the order of the first correction terms are 6^ since £.' (x s )~6£(x s ) and -12-Hence we see that these terms are small where the dominant contribution to the integrand arises. Similarly, the n th order terms are small by a factor 6 n ™ , so that an asymptotic series for this integral can be generated in powers of 6^ .
We also notice that there are stationary point contributions to this integral, even if x s falls outside the interval between x 1 and x , as long as I x s -x) £ -r • Hence, formally, the limits of x s are taken from -w to oo as 6 -* 0 .
